In the USA, estimates of the annual number of sudden cardiac deaths (SCDs) range from 184 000 to 400 000, accounting for almost half of all coronary heart disease (CHD) deaths.[@b1; @b2; @b3; @b4] The incidence of SCD was 50% higher in men than women, and the age-adjusted annual incidence of SCD among US residents aged ≥35 years in 1998 was 410.6 per 100 000 for men and 274.6 per 100 000 for women.[@b3] Several population-based studies have reported the incidence of SCD in Japanese adults,[@b5; @b6; @b7; @b8] however these studies are questionable due to methodological problems, such as small sample size,[@b7] a working population[@b8] and an inaccurate definition of SCD based on death certificate data only.[@b6] Baba *et al* reported that in Suita City (census population: approximately 340 000), the incidence of SCD was 31 (men=45, women=20) per 100 000 people in a sample aged 20--74 years. Information on SCD was determined using police records.[@b5] These findings suggest that the incidence of SCD in Japan is about one-fifth of that in the USA.[@b1] [@b3] [@b9]

SCD is generally considered to be caused by CHD. The CHD mortality rate in Japan has been observed to be one-third to one-fifth of that in the USA.[@b6] [@b9] [@b10] This difference might explain the variation in the incidence of SCD between Japan and the USA. However, Kitamura *et al* reported a significant increase in the incidence of CHD among middle-aged urban Japanese men from 1980--1987 to 1996--2003.[@b11] Therefore, the incidence of SCD for Japanese individuals may have increased in recent decades. So far, no epidemiological study has been reported which has investigated trends in the incidence of SCD in a large population-based study.

The purpose of this study was to examine trends in the incidence of SCD and its risk factors in the Circulatory Risk in Communities Study (CIRCS), a longitudinal community-based study of Japanese men and women.

Methods
=======

The CIRCS is a population-based study of cardiovascular risk factors, disease incidence and their respective trends in Japanese communities ([Appendix 1](#app1){ref-type="app"}). Details of the study design and procedures have been reported elsewhere.[@b11; @b12; @b13; @b14] Briefly, the subjects were Japanese men and women who lived in a north-eastern rural community, Ikawa, a south-western rural community, Noichi, a central rural community, Kyowa and a south-western urban suburb, the Minami-Takayasu district of Yao. Annual cardiovascular risk surveys have been conducted since 1963 in the district of Yao City and Ikawa, since 1969 in Noichi and since 1981 in Kyowa by a joint research team from the Osaka Medical Center for Health Science and Promotion, the University of Tsukuba, and Osaka University. In Ikawa, the census population for the age range 30--84 years was 3983 in 1985, 4166 in 1995 and 4173 in 2000. The corresponding population figures for the other communities were 12 940, 14 170 and 14 825 in Yao; 81 49, 10 772 and 10 573 in Noichi; and 96 14, 9 590 and 10 948 in Kyowa.

Informed consent was obtained from community representatives to conduct an epidemiological study based on guidelines established by the Council for International Organisations of Medical Science.[@b15] This study was approved by the Ethics Committee of the Osaka Medical Center for Health Science and Promotion.

The study included all SCD events that occurred among all residents between 1 January 1981 and 31 December 2005. CHD and SCD events were ascertained from national insurance claims, reports by local physicians, ambulance records, death certificates, reports by public health nurses and health volunteers, and annual cardiovascular risk surveys ([figure 1](#fig1){ref-type="fig"}).[@b11; @b12; @b13; @b14] Subjects who had moved away from the community or died were treated as censored cases. For confirmation of diagnosis, we also obtained histories from next of kin and reviewed medical records in local hospitals.

![Determination of sudden cardiac death (SCD).](bmjopen-2011-000573fig1){#fig1}

CHD criteria were modified from those of the WHO Expert Committee.[@b16] The indication for definite myocardial infarction (MI) was typical, severe chest pain (lasting at least 30 min and without a definite non-ischaemic cause) accompanied by new, abnormal and persistent Q or QS waves, consistent changes in cardiac enzyme levels or both. If the electrocardiographic and enzyme levels were non-diagnostic or unavailable, but the patient suffered typical chest pain, a diagnosis of possible MI was made. For our study, definite and possible infarctions were combined into a single category, MI. These criteria are essentially the same as those of the WHO Multinational Monitoring of Trends and Determinants in Cardiovascular Disease (MONICA) project.[@b17] Angina pectoris was defined as repeated episodes of chest pain during effort, usually disappearing rapidly after the cessation of effort or upon use of sublingual nitroglycerine.[@b12] [@b13] In the present study, CHD included definite or probable MI and angina pectoris.

SCD was defined as sudden unexpected death either within 1 h of symptom onset or within 24 h of having been observed alive and symptom free. We excluded candidate cases if they survived for over 24 h after symptom onset or if there was another apparent cause of death, such as stroke, cancer or accident. The final diagnosis of SCD was made by a panel of three or four trained physician epidemiologists, blinded to the data of cardiovascular risk factors. We further classified the SCD cases into two groups according to the presence or absence of MI.[@b18] If the SCD case was accompanied by MI, it grouped SCD with MI (SCD_MI), and others were grouped as SCD without MI (SCD_NMI). In addition, SCD cases were divided into two groups stratified by time of symptom onset. If the time of symptom onset was within 1 h, they were categorised as SCD1, and if it occurred within 24 h but they were not SCD1, they were categorised as SCD1-24. Finally, SCD cases were divided into two groups based on place of death.[@b3] If the place of death was in an emergency room (ER) or a hospital, the case was categorised as SCD_ER, and if it was outside of a hospital, it was categorised as SCD_NER ([table 1](#tbl1){ref-type="table"}).

###### 

Trends in age-adjusted and sex-adjusted incidence of sudden cardiac death per 100 000 person-years (and 95% CIs) among men and women aged 30--84 years in four Japanese communities from 1981 to 2005

                                             1981--1985               1986--1990               1991--1995              1996--2000              2001--2005              p for trend
  ------------------------------------------ ------------------------ ------------------------ ----------------------- ----------------------- ----------------------- -------------
  Total                                                                                                                                                                
   Population                                31 754                   34 686                   36 717                  38 698                  40 519                  
   Cases                                     114                      101                      83                      76                      97                      
   Age-adjusted and sex-adjusted incidence   76.0 (44.8 to 107.2)     57.9 (32.7 to 83.1)      39.3 (20.3 to 58.3)     31.6 (15.6 to 47.6)     36.8 (19.8 to 53.8)     \<0.01
  Age-adjusted and sex-adjusted incidence                                                                                                                              
   30--64 years                              24.1 (4.8 to 43.4)       19.7 (3.3 to 36.1)       15.7 (1.8 to 29.6)      12.4 (0.7 to 24.1)      17.0 (2.5 to 31.5)      0.266
   65--74 years                              217.1 (64.9 to 369.3)    100.2 (1.7 to 198.7)     99.7 (8.6 to 190.8)     83.8 (8.9 to 158.7)     101.8 (24.1 to 179.5)   \<0.01
   75--84 years                              541.0 (187.9 to 894.1)   527.2 (210.6 to 843.8)   258.5 (67.2 to 449.8)   204.3 (39.5 to 369.1)   190.8 (51.1 to 330.5)   \<0.01
   40--74 years                              65.0 (29.9 to 100.1)     40.0 (14.1 to 65.9)      34.6 (12.2 to 57.0)     28.8 (10.0 to 47.6)     33.4 (13.5 to 53.3)     \<0.01
  Men                                                                                                                                                                  
   Population                                15 048                   16 471                   17 421                  18 422                  19 306                  
   Cases                                     70                       61                       49                      50                      67                      
   Age-adjusted incidence                    111.7 (53.1 to 170.3)    82.1 (36.0 to 128.2)     54.4 (20.2 to 88.6)     49.3 (18.6 to 80.0)     57.9 (26.2 to 89.6)     \<0.01
  Women                                                                                                                                                                
   Population                                16 706                   18 215                   19 296                  20 276                  21 213                  
   Cases                                     44                       40                       34                      26                      30                      
   Age-adjusted incidence                    50.6 (17.1 to 84.1)      39.5 (12.0 to 67.0)      27.1 (6.3 to 47.9)      16.7 (2.0 to 31.4)      18.2 (2.5 to 33.9)      \<0.01

Age-adjusted and sex-adjusted annual incidence of SCD was calculated from the number of new cases per 100 000 person-years during the periods 1981--1985, 1986--1990, 1991--1995, 1996--2000 and 2001--2005 in the four Japanese communities studied. The rate of moving out from the community during these periods was 2.1%, 3.1%, 2.8%, 2.9% and 1.9%, respectively. In this study, all analyses were limited to men and women aged 30--84 years because the number of SCDs in people aged \<30 years was too small (\<1%) and for many cases aged ≥85 years, causes of death were difficult to identify.

Cardiovascular risk factors were determined from residents of the four communities in risk factor surveys during each of the five study periods. The surveys were conducted to promote primary prevention of cardiovascular disease. The participation rate among the census population in each survey period was 41.9%, 36.8%, 37.1%, 34.8% and 32.0%, respectively. When the age of participants was restricted to 40--74 years, the participation rate was 57.2%, 48.2%, 44.2%, 40.1% and 35.4%, respectively. The participation rate for the age group 40--74 years in Ikawa and Kyowa (with high participation rates) was 73.9%, 62.7%, 61.1%, 57.3%, and 53.6%, respectively, while that in Yao and Noichi (with lower participation rates) was 45.3%, 38.8%, 33.6%, 29.4% and 26.1%, respectively. If people participated in the risk factor survey more than once during each survey period, we used the data from the earliest year.

The items examined in the risk factor surveys included medical history, measurement of total cholesterol, blood pressure, body mass index (BMI), blood glucose, ECG findings, and drinking and smoking habits.[@b11] Hypertension was defined as systolic blood pressure (BP) ≥140 mm Hg or diastolic BP ≥90 mm Hg, or use of an antihypertensive medication. Diabetes mellitus was defined as a fasting glucose level ≥7.00 mmol/litre, a non-fasting glucose level ≥11.10 mmol/litre or use of an antidiabetic medication. Overweight was defined as a BMI ≥25 kg/m^2^. ECG data were obtained with the person in the supine position and were coded with the Minnesota Code, second version,[@b19] by trained physician epidemiologists.

To calculate age-adjusted and sex-adjusted incidence, we employed the direct standardisation method using the age and sex distributions of the Japanese national model population from 1985 as the standard population. Linear trends in incidence were examined with the χ^2^ test. We calculated 95% CIs using the following equation:$$\text{age-adjusted\ annual\ incidence\ of\ SCD} \pm 1.96\sqrt{\left\lbrack \frac{\sum\left\lbrack \frac{\text{N}_{\text{i}}^{2}\text{p}_{\text{i}}\left( {1 - \text{p}_{\text{i}}} \right)}{\text{n}_{\text{i}}} \right\rbrack}{\left\lbrack {\sum\text{N}_{\text{i}}} \right\rbrack^{2}} \right\rbrack}$$where N is the standard population for the 5-year age category i, p is the crude incidence of the population for age category i, and n is the number of the population for age category i. Sex-specific age-adjusted means of risk factors were estimated by analysis of covariance, and age-adjusted prevalence by the direct method of standardisation.

The significance of risk factor trends was examined for continuous variables by using the regression analysis for repeated measures,[@b11] with the five periods represented as 1982.5, 1987.5, 1992.5, 1997.5 and 2002.5, and for discrete variables by using the χ^2^ test for trends. All statistical analyses were performed with the SAS System for Windows (V.9.1).

Results
=======

In this study, 471 people with SCD were identified over 25 years, consisting of 117 SCD_MI and 354 SCD_NMI, 163 SCD1 and 308 SCD1-24, 190 SCD_NER, and 281 SCD_ER. The number of SCDs (in parentheses, SCD_MI) was presented according to the time of symptom onset and the place of death (online supplemental table 1).

As shown in [table 1](#tbl1){ref-type="table"}, age-adjusted and sex-adjusted incidence of SCD decreased from 1981--1985 to 1991--1995, however the rate plateaued after 1996 (p for trend \<0.01 from 1981--1985 to 1991--1995 and p=0.73 from 1991--1995 to 2001--2005). The annual incidence (95% CI) of SCD per 100 000 person-years during the five periods were 76.0 (44.8 to 107.2), 57.9 (32.7 to 83.1), 39.3 (20.3 to 58.3), 31.6 (15.6 to 47.6) and 36.8 (19.8 to 53.8), respectively. A total of 731 individuals with CHD were identified over 25 years: 256 with definite MI, 254 with probable MI and 221 with angina pectoris, and the number of CHD deaths was 178. The features of the SCD trends for the age groups 30--64, 65--74 and also 40--74 were similar to those of the overall trend, while there was a constant decline in the SCD incidence for age group 75--84.

A similar trend was observed for age-adjusted and sex-adjusted incidence of CHD. The annual incidence (95% CI) of CHD per 100 000 person-years was 98.2 (62.7 to 133.7), 87.0 (56.0 to 118.0), 78.0 (50.9 to 105.1), 50.0 (29.8 to 70.2) and 57.5 (36.5 to 78.5), respectively. A slightly different trend was observed for MI. The annual incidence (95% CI) of MI per 100 000 person-years was 55.2 (28.6 to 81.8), 58.9 (33.4 to 84.4), 57.5 (34.4 to 80.6), 34.6 (17.9 to 51.3) and 45.6 (26.9 to 64.3) (data not shown in table 1).

The incidence of SCD was two to three times higher for men than for women, while age-adjusted annual incidence (95% CI) of SCD per 100 000 person-years during the five time periods was 111.7 (53.1 to 170.3), 82.1 (36.0 to 128.2), 54.4 (20.2 to 88.6), 49.3 (18.6 to 80.0) and 57.9 (26.2 to 89.6) for men and 50.6 (17.1 to 84.1), 39.5 (12.0 to 67.0), 27.1 (6.3 to 47.9), 16.7 (2.0 to 31.4) and 18.2 (2.5 to 33.9) for women ([table 1](#tbl1){ref-type="table"}).

We further analysed the incidence of SCD stratified by the presence or absence of MI, the time of symptom onset and the place of death ([figure 2](#fig2){ref-type="fig"}). The age-adjusted and sex-adjusted annual incidence (95% CI) of SCD per 100 000 person-years was 16.1 (1.7 to 30.5), 15.5 (2.4 to 28.6), 14.0 (2.7 to 25.3), 5.3 (0 to 11.7) and 8.4 (0.3 to 16.5) for SCD_MI and 59.8 (32.1 to 87.5), 42.4 (20.8 to 64.0), 25.3 (10.0 to 40.6), 26.4 (11.7 to 41.1) and 28.4 (13.4 to 43.4) for SCD_NMI. The calculation of the incidence stratified by the time of symptom onset yielded age-adjusted and sex-adjusted annual incidence (95% CI) per 100 000 person-years of 27.4 (8.6 to 46.2), 19.7 (4.9 to 34.5), 12.7 (1.9 to 23.5), 9.2 (0.3 to 18.1) and 15.7 (4.4 to 27.0) for SCD1, and 48.6 (23.7 to 73.5), 38.1 (17.7 to 58.5), 26.6 (10.9 to 42.3), 22.5 (9.1 to 35.9) and 21.1 (8.4 to 33.8) for SCD1-24. The calculation of the incidence stratified by the place of death yielded the age-adjusted and sex-adjusted annual incidence (95% CI) per 100 000 person-years of 41.0 (18.0 to 64.0), 25.1 (8.5 to 41.7), 12.8 (2.1 to 23.5), 11.4 (1.9 to 20.9) and 10.5 (1.7 to 19.3) for SCD_NER, and 35.0 (13.9 to 56.1), 32.7 (13.7 to 51.7), 26.5 (10.7 to 42.3), 20.3 (7.3 to 33.1) and 26.2 (11.6 to 40.8) for SCD_ER. These trends showed similar features to those of the overall trend.

![Trends in age-adjusted and sex-adjusted annual incidence of sudden cardiac death (SCD), stratified by the presence or absence of myocardial infarction (MI), the time of symptom onset and the place of death. Annual incidence per 100 000 among men and women aged 30--84 in four Japanese communities from 1981 to 2005: SCD with MI (SCD_MI) and SCD without MI (SCD_NMI), SCD within 1 h (SCD1) and SCD between 1 and 24 h (SCD1-24), SCD in an emergency room or a hospital (SCD_ER) and SCD outside of a hospital (SCD_NER).](bmjopen-2011-000573fig2){#fig2}

We estimated the national SCD incidence in 2009 by using the results from this study. For this estimation, we multiplied the age-specific and sex-specific populations in 2009 by the age-specific and sex-specific incidences of SCD from 2001 to 2005. For the population aged 85 years or over, we used the incidence of SCD for ages 75--84 years. We predicted the number of cases of SCD in Japan to be at least 51 700 cases in 2009.

As shown in [table 2](#tbl2){ref-type="table"}, the overall trends in risk factors of SCD showed the same features for men and women, except for diastolic BP, BMI, current smoking and heavy drinking. Mean diastolic BP for women decreased from 1981--1985 to 2001--2005 (p for trend was \<0.01), whereas that for men was constant from 1981--1985 to 1991--1995, but increased after 1996 (p for trend was \<0.01). For men and women, mean systolic BP decreased from 1981--1985 to 2001--2005 (p for trend was \<0.01). The prevalence of hypertension decreased from 1981--1985 to 1991--1995, but plateaued after 1996 in both sexes. The mean BMI for women declined from 1981--1985 to 2001--2005 (p for trend was \<0.01), whereas BMI for men increased. The prevalence of current smoking and heavy drinking decreased constantly from 1981--1985 to 2001--2005 (p for trend was \<0.01, for both) for men but did not change for women. Mean levels of total cholesterol, and the prevalence of diabetes mellitus increased continuously from 1981--1985 to 2001--2005 (p for trend was \<0.01, for both sexes). The prevalence of left ventricular hypertrophy dramatically decreased from 1981--1985 to 2001--2005 (p for trend was \<0.01, in both sexes). Additionally, we examined the risk factor trends in ages 40--74 years (online supplemental table 2), and also stratified by community (Ikawa and Kyowa: online supplemental table 3/Yao and Noichi: online supplemental table 4), and found the same trends.

###### 

Trends in age-adjusted and sex-adjusted cardiovascular risk factors among men and women aged 30--84 years in four Japanese communities from 1981 to 2005

                                                  1981--1985   1986--1990   1991--1995   1996--2000   2001--2005   p for trend
  ----------------------------------------------- ------------ ------------ ------------ ------------ ------------ -------------
  Men                                                                                                              
   N                                              5350         4992         5175         5039         4900         
   Age, years                                     55           56           58           59           60           
   Systolic BP, mm Hg                             137          134          133          134          133          \<0.01
   Diastolic BP, mm Hg                            81           81           81           82           82           \<0.01
   Antihypertensive medication, %                 19.8         18.6         17.2         18.0         20.1         0.550
   Hypertension, %                                49.2         44.1         41.3         44.7         44.6         \<0.01
   BMI, kg/m^2^                                   22.7         22.9         23.3         23.5         23.8         \<0.01
   Overweight (BMI ≥25 kg/m^2^), %                26.2         29.2         29.6         33.5         34.7         \<0.01
   Total cholesterol, mmol/litre                  4.75         4.89         4.98         5.13         5.23         \<0.01
   Total cholesterol ≥5.69 mmol/litre, %          14.0         17.7         20.7         26.8         31.4         \<0.01
   Blood glucose, mmol/litre                      63.0         69.7         67.7         63.0         61.1         \<0.01
   Diabetes mellitus, %                           3.8          6.4          7.1          7.7          9.7          \<0.01
   Heavy drinking (ethanol intake ≥46 g/day), %   33.4         29.8         28.3         27.5         23.1         \<0.01
   Current smoking, %                             60.1         55.8         52.6         49.5         44.6         \<0.01
   ECG findings, %                                                                                                 
    Atrial fibrillation                           1.4          1.6          1.4          1.5          1.4          0.731
    Ventricular premature contraction             3.1          3.0          3.2          2.7          2.5          0.039
    Supraventricular premature contraction        3.3          4.4          4.1          3.6          3.5          0.547
    Major ST-T abnormality                        4.6          4.1          3.7          4.2          3.9          0.109
    Minor ST-T abnormality                        12.5         10.1         12.7         11.9         11.7         0.871
    PQ prolonged                                  1.5          1.2          1.5          1.4          1.2          0.298
    Complete/incomplete right bundle              5.3          5.2          5.7          6.1          6.7          \<0.01
    Wide QRS                                      3.0          3.0          3.2          3.6          4.1          \<0.01
    Abnormal Q wave                               0.5          0.7          0.6          0.7          0.7          0.431
    Left ventricular hypertrophy                  29.1         27.5         22.5         19.2         17.3         \<0.01
  Women                                                                                                            
   N                                              7949         7781         8463         8436         8082         
   Age, years                                     54           55           56           57           58           
   Systolic BP, mm Hg                             134          132          130          130          128          \<0.01
   Diastolic BP, mm Hg                            79           78           78           78           77           \<0.01
   Antihypertensive medication, %                 19.2         18.4         16.8         17.0         18.1         \<0.01
   Hypertension, %                                42.0         37.1         34.0         34.9         33.6         \<0.01
   BMI, kg/m^2^                                   23.5         23.4         23.3         23.3         23.2         \<0.01
   Overweight (BMI ≥25 kg/m^2^), %                34.4         33.4         31.1         30.9         28.0         \<0.01
   Total cholesterol, mmol/litre                  5.09         5.24         5.27         5.44         5.49         \<0.01
   Total cholesterol ≥5.69 mmol/litre, %          24.7         29.3         31.1         39.7         44.7         \<0.01
   Blood glucose, mmol/litre                      58.3         65.2         62.6         57.2         56.5         \<0.01
   Diabetes mellitus, %                           2.1          3.5          3.3          3.9          4.4          \<0.01
   Heavy drinking (ethanol intake ≥46 g/day), %   0.5          0.3          0.5          0.6          0.6          0.109
   Current smoking, %                             6.3          5.8          5.7          6.6          7.1          \<0.01
   ECG findings, %                                                                                                 
    Atrial fibrillation                           0.6          0.6          0.3          0.4          0.4          \<0.01
    Ventricular premature contraction             2.0          2.3          1.8          2.0          2.3          0.825
    Supraventricular premature contraction        2.5          2.7          3.0          2.8          2.9          0.316
    Major ST-T abnormality                        6.5          6.0          5.0          4.5          4.8          \<0.01
    Minor ST-T abnormality                        21.9         18.6         19.8         19.5         17.5         \<0.01
    PQ prolonged                                  0.6          0.5          0.5          0.5          0.4          0.212
    Complete/incomplete right bundle              3.5          3.4          3.2          3.3          3.2          0.099
    Wide QRS                                      1.5          1.6          1.7          1.6          1.6          0.751
    Abnormal Q wave                               0.2          0.2          0.2          0.2          0.4          0.015
    Left ventricular hypertrophy                  11.1         9.6          7.8          6.0          4.9          \<0.01

Data are mean values or percentages.

BMI, body mass index; BP, blood pressure.

Discussion
==========

In this longitudinal community-based study from 1981 to 2005, we found that the age-adjusted and sex-adjusted annual incidence of SCD decreased from 1981 to 1995 and plateaued thereafter. This trend was similarly observed when SCD was stratified according to the following factors: presence of MI, with MI constituting approximately 20--35% of all SCDs; time of symptom onset, with SCD within 1 h constituting approximately 30--45% of all SCDs; and place of death, with SCD in the emergency room or hospital constituting approximately 4--70% of all SCDs. Although the incidence of SCD was higher for men than for women, which is consistent with previous reports,[@b3] [@b20] trends in the incidence of SCD did not vary according to age or sex. Since Japan is a rapidly ageing country, the number of SCDs in Japan, although much lower than in the USA,[@b3] may increase in the future due to an increased older population.

Several population-based studies have previously reported the incidence of SCD among the Japanese population. The Hisayama study reported that the age-adjusted annual incidence rate of SCD between 1988 and 2000 was 76 per 100 000 person-years for men and 19 per 100 000 person-years for women aged 40 and over, and that the incidence rate did not change during the study period. However, the size of this population sample was 1110 for men and 1527 for women, which made it difficult to evaluate trends in the incidence of SCD.[@b7] Baba *et al* reported that the annual SCD incidence in people aged 20--74 years in Suita City in 1992 was 45 per 100 000 for men and 20 per 100 000 for women.[@b5] Our study showed a similar age-adjusted annual incidence of SCD (57.9 per 100 000 person-years for men and 18.2 per 100 000 person-years for women aged 30--84 years) in 2001--2005.

In Western countries, SCD accounts for almost half of all CHD deaths,[@b2] [@b21] while CHD accounted for at least 80% of all SCD cases.[@b22] In this study, SCD accounts for 10% of all CHD deaths, while CHD accounted for 25% of all SCD cases, which was generally consistent with the findings from a previous Japanese population-based study.[@b20] The lower incidence[@b11] and mortality rates[@b9] [@b10] [@b23] from CHD in Japan than in the USA probably correspond to the lower incidence of SCD in Japan.

Several population-based studies have reported the age-adjusted annual incidence of MI among Japanese men and women[@b24; @b25; @b26]: 42.3 per 100 000 person-years for age 20 years and over in 1988--1998,[@b24] 45.8 per 100 000 person-years for the age range 35--64 years in 1994--1996,[@b25] and 49.7 per 100 000 person-years for age 20 years and over in 1996--1998.[@b26] In this study, the age- adjusted and sex- adjusted annual incidence of MI for the age range 30--84 years was 34.6--58.9 per 100 000 person-years in 1981--2005. These findings confirm the low incidence of CHD in Japan. However, Rumana *et al* reported that the incidence of acute MI increased from 1990--1992 to 1999--2001 in the Takashima AMI Registry.[@b26] Furthermore, Kitamura *et al* reported a significant increase in the incidence of CHD from 1980--1987 to 1996--2003 for middle-aged men in an urban community,[@b11] which was involved in this CIRCS. Because the prevalence of overweight and diabetes mellitus has increased during the last two decades as seen in our study and other Japanese studies,[@b9] [@b11] [@b27] the incidence of SCD might increase in the future.

The data presented here show that the incidence of SCD_ER decreased from 1981 to 1995, but plateaued after 1996, whereas the incidence of SCD_NER has decreased steadily over time. The plateauing trend of SCD_ER may be due to the doubling of the number of patients transported to emergency rooms by ambulance between 1996 and 2006.[@b28]

Risk factors for SCD among Americans have been identified as hypertension, hypertensive organic change, older age, male sex, smoking, heavy drinking, overweight, diabetes and left ventricular hypertrophy.[@b3] Hypertension, current smoking and diabetes mellitus were found to be potential risk factors for SCD among the Japanese population.[@b20] [@b29] In this study, the SCD incidence decreased from 1981 to 1995 when a reduction in the prevalence of hypertension and current smoking was observed. The SCD incidence remained unchanged from 1996 to 2005 when the prevalence of hypertension was unchanged, the prevalence of current smoking decreased and the prevalence of diabetes mellitus increased.

This study has the following strengths. We analysed trends in SCD using population-based data, including urban and rural areas, from a large number of participants in a long-term observational study. The cause of death from death certificates was validated by medical records and/or information from next of kin. In addition, annual cardiovascular risk factor surveys ascertained the trends in predisposing risk factors of SCD.

Nonetheless, our study has a few limitations. First, we only examined the incidence of SCD for the age range 30--84 years. However the frequency of SCD among people \<30 years old was found to be \<1% even in the USA,[@b3] so this age window is unlikely to substantially affect the results. Second, although clinical features and neuroimaging reports were used to exclude death due to stroke, some cases may have been misclassified, especially out-of-hospital deaths. Such misclassifications may well have affected the changes in the incidence of SCD that occurred out of hospital. Third, since we did not include cases of resuscitated SCDs for over 24 h after symptom onset, the true incidence of SCD might be underestimated. However, the magnitude of underestimation should be small because the annual number of resuscitated cardiac arrest cases in our surveyed population was only around 0.7 based on the 2003 statistics of the Fire and Disaster Management Agency.[@b30]

In conclusion, age-adjusted and sex-adjusted incidence of SCD for a general Japanese population decreased from 1981--1985 to 1991--1995 and plateaued after 1996, when a reduction in the prevalence of hypertension and current smoking was observed. Continuous surveillance is necessary to clarify future trends in SCD in Japan because of an increasing trend for diabetes mellitus.
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